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Abstract 
 
 Heating, ventilation, and air conditioning (HVAC) equipment accounts for 40% to 
50% of a commercial building’s energy usage. This energy is supplied using either 
electricity or natural gas. Combustion products from natural gas pollute the environment 
and the burning of fossil fuels to produce electricity also pollutes the environment. The 
world must turn to clean, renewable energy resources to stop pollution. Solar energy 
has the potential to play a huge role in the renewable energy movement. Solar energy 
can be harnessed through active or passive solar techniques. Active solar uses solar 
collectors to harness the sun’s energy and passive solar uses heat transfer through 
architectural features to transfer the sun’s energy as heat. 
 The exterior walls of commercial buildings are typically bare, plain walls. Why not 
use this space to harness solar energy for space heating? This report will analyze two 
identical commercial buildings, one in St. Louis, MO and one in Phoenix, AZ. Both 
buildings will have flat plate solar collectors installed on the south facing wall and the 
peaking heating demand will be compared to the amount of solar energy that can be 
harnessed at that time. The peak heating demands are calculated using Trace 700. It 
was found that on January 17th at 1:00 pm, the St. Louis system could harness 104.2kW 
of solar energy (33.2% of the heating demand) and the Phoenix system could harness 
465.8 kW of energy (290.8% of the heating demand.) This proves that solar energy has 
the potential to play a huge role in the world of renewable energy, but the size of its 
impact is dependent upon location. 
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Introduction 
 
 In a commercial building, heating, ventilation, and air conditioning (HVAC) 
equipment typically accounts for around 40% to 50% of the building’s energy 
consumption, depending on the climate and other factors [1]. This energy is produced 
through the burning of natural gas, which produces combustion products that pollute our 
environment, or electricity, which is produced through the burning of fossil fuels that 
also pollute our environment. Solar energy is a vast and clean renewable energy 
resource that enhances sustainability and provides an alternative energy source to 
natural gas and the burning of fossil fuels to produce electricity. There are two types of 
technologies used to harness solar energy: active solar energy and passive solar 
energy. Active solar energy technologies use concentrated solar, solar water heating, 
and photovoltaic systems to harness the sun’s energy. Passive solar energy uses the 
architectural features of a building such as windows, walls, and floors to collect, store, 
and distribute energy in the form of heat in the winter and reject solar heat in the 
summer [2]. This report will focus on the use of solar space heating in commercial 
buildings. Solar space heating can be accomplished using active solar or passive solar 
and is an excellent way to reduce energy consumption in commercial buildings. 
A History of Solar Energy 
 The history of harnessing solar energy dates all the way back to 7th century B.C. 
with the use of a magnifying glass to concentrate the sun’s energy to burn ants. It is 
also said that in 3rd century B.C. Greeks and Romans used mirrors to light torches for 
religious purposes. The concentration of solar energy using mirrors, magnifying glasses, 
and other reflective materials continued for many centuries [3]. It was not until 1876 that 
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William Grylls Adams and his student, Richard Day, discovered that when selenium is 
exposed to sunlight it produces electricity. Although the selenium cells were not 
efficient, they proved that light could be converted into electricity without moving parts or 
adding heat [4]. This discovery sparked the research and development of solar 
technologies in the scientific community. Advancements in solar energy technology 
continued throughout the 1900’s until the technology that is seen today emerged. In 
2015, the United States had over 23 gigawatts of photovoltaic capacity installed 
throughout the country. That is enough clean, renewable energy to provide enough 
electricity to power nearly 5 million homes [5]. Advancements in solar energy will 
continue to improve the efficiency and lower the cost of solar technology. Even though 
solar energy seems like the answer to our world’s energy needs, it is limited by location. 
How Solar Energy Varies With Location 
 It is estimated that the edge of the Earth’s atmosphere sees 174,000 terawatts of 
incoming solar radiation, or insolation, each day. Around 30% of this insolation is 
reflected back into space while the rest is absorbed by the Earth. This is enough energy 
to sustain the world’s energy needs many times over. However, not all of this energy 
can be harnessed. The majority of it is absorbed by the oceans and clouds. The amount 
of energy that can be harnessed is a function of distance from the equator. Because of 
the tilt of the Earth’s axis, the equator is the place on Earth nearest to the sun, which 
means it sees the most insolation. For example, Phoenix, Arizona sees much more 
insolation than Seattle, Washington. The amount of solar insolation is equal to the 
irradiance above the atmosphere minus the atmospheric losses due to absorption and 
scattering. Thus irradiation is the total amount of power per unit area received from the 
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sun [5]. A map of the global horizontal irradiation in North America can be seen below in 
Figure 1. 
 
Figure 1. Map of global horizontal irradiation in North America. 
http://solargis.com/products/maps-and-gis-data/free/download/north-america 
Solar Energy and HVAC 
 Solar space heating can be a reliable and clean alternative energy resource for 
large commercial buildings with high heating demands. As noted previously, HVAC 
equipment accounts for about 50% of a building’s energy consumption [1]. The solar 
energy from the sun is a free, clean energy resource that can help reduce that 
percentage. As long as the sun shines, solar energy can be harnessed. Solar energy 
can be harnessed for solar space heating using active, passive, or both solar 
technologies [2]. Both methods of solar space heating will be discussed in this report 
along with which areas in the United States can gain the most from this technology. 
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Solar Space Heating: St. Louis, MO vs. Phoenix, AZ 
This report will then compare the amount of solar energy that can be harnessed 
by identical commercial buildings in St. Louis, MO and Phoenix, AZ on a peak day in the 
middle of winter. An identical building will be placed in each city and the peak heating 
demand for each location will be calculated using TRACE 700. This peak heating 
demand will then be compared to the amount of solar energy that can be harnessed on 
January 17th at 1:00pm at the peak design temperatures. The peak design temperatures 
used are based on the ASHRAE design temperatures for each city. This comparison will 
provide a good understanding of the difference in the amount of insolation that each city 
receives due to distance from the equator (latitude). It will also allow for an educated 
guess at which location a solar heating system would be most cost effective in. 
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Solar Space Heating in Commercial Buildings 
 
Heating in Commercial Buildings 
 Large commercial buildings are heated using many different methods in today’s 
society. One advantage of commercial buildings is that they typically only need heat at 
the building’s perimeter. This is because computers and other miscellaneous equipment 
that give off heat supply enough heat to satisfy interior spaces. Interior spaces also see 
none of the cold infiltration that leaks through the cracks of windows and doors. 
Perimeter heating is accomplished using multiple methods. One method is the use of 
baseboard heating. Baseboard heating is accomplished using either electric radiators or 
using a boiler to send hot water through fin tubes to transfer heat into the rooms. The 
second method is to heat the air being dumped into the room via the HVAC system. 
This air can be heated directly at the unit using natural gas or electric or it can be 
heated in a fan terminal unit just before being dumped into the room using electric or hot 
water. Both of these methods require an abundance of energy. The goal of solar space 
heating is to reduce or eliminate the need for these two heating methods. 
Passive Solar Space Heating 
 Passive solar space heating takes advantage of the sun’s energy through 
architectural design features such as large south-facing windows or materials that 
absorb heat during the day and then release it at night when it is needed. Passive solar 
space heating systems are typically designed using direct gain, indirect gain, or isolated 
gain. Direct gain uses the sun’s direct solar energy to store heat in materials such as tile 
or concrete and then slowly releases the heat energy into the building. Indirect gain 
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typically uses the building walls to capture and store the sun’s energy to later be 
released as heat. Isolated gain uses a space remote from the primary building space to 
collect solar energy and then allows the warmer air to naturally flow through. The goal of 
all of these designs is to collect and store solar energy in the form of heat in the winter 
and reject solar heat in the summer [2]. It is called passive design because it involves 
no use of mechanical or electrical devices. Passive solar heating designs are only 
successful if an accurate analysis of the building location and climate has been 
performed. Variables that must be taken into consideration include: latitude, sun path, 
insolation, seasonal variations, shading, wind, and humidity. An example of passive 
solar space heating can be seen below in Figure 2. 
 
Figure 2. Passive solar space heating design. 
http://www.iklimnet.com/save/passive_solar_heating.html 
 
 
Active Solar Space Heating 
 Active solar space heating uses collectors to absorb solar radiation in either 
liquid or air. Air-based systems use fans to distribute the heat that is collected and 
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liquid-based systems use pumps. Active systems also have an energy storage system 
that is used to provide heat when the sun is not out [2].  
 Liquid-based space heating systems use solar collectors to capture solar energy. 
The most common solar collector for commercial buildings is a flat plate solar collector 
because it is the most efficient. Two other, less common types, are evacuated tube 
collectors and linear concentrating collectors because they can operate at high 
temperatures. Flat plate solar collectors use a heat transfer fluid flowing through a pipe 
to absorb the sun’s radiation. The heat transfer fluid is typically water or an antifreeze 
solution. A pump controls the flow of the water so that the increase in the fluid’s 
temperature can be controlled. The fluid is then sent to a water storage tank system. In 
this system, a heat exchanger is used to transfer the heat from the heat transfer fluid to 
the water in the storage tank [6]. The energy harnessed from the sun is sometimes not 
enough to heat the water to a temperature high enough to heat the entire building, so a 
supplemental boiler is used to heat the water to the desired temperature. Using the 
solar energy to preheat the water saves a lot of energy and allows for a significant 
reduction in the boiler size. The hot water can then be pumped through hot water 
baseboards or heating coils in fan terminal units and air handlers to heat the building 
[7]. Figure 3 shows an active, liquid-based solar space heating system. 
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Figure 3. An active liquid-based solar heating system. 
http://cleangreenenergyzone.com/active-solar-heating-systems/ 
 
 Air-based solar space heating systems use air as the heat transfer fluid to 
capture the sun’s solar energy [8]. This can be done in either a closed loop system or 
an open loop system. In a closed loop system, the collector draws cool return air in from 
the building and then returns it via fans at a higher temperature after it has been heated 
due to the solar energy. In an open loop system, the solar collector is used to preheat 
the incoming outdoor air before it enters the air handler where it is heated again to the 
desired temperature via an electric coil or gas furnace [6]. Preheating the air allows for a 
smaller temperature difference between the outside air temperature and desired air 
temperature, which saves energy. Figure 4 shows an active, air-based solar space 
heating system. 
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Figure 4. Open loop air-based solar heating system. 
http://www.seia.org/research-resources/solar-heating-cooling-energy-secure-future 
 
Active Solar Space Heating System: St. Louis, MO vs. Phoenix, AZ 
 This report will now compare the installation of an active solar heating system in 
St. Louis, Missouri to a system in Phoenix, Arizona. This will be done by comparing the 
peak heating demands of two identical commercial office buildings in each location and 
the amount of solar energy that can be harnessed in each location on that peak day. 
For this analysis it is assumed that the peak heating day for both buildings is January 
17th and the hour is 1:00pm. The building heating loads were calculated using TRACE 
700 and can be seen in Attachment 2 [9]. The building being analyzed is a 20,000 
square foot office building with three floors (60,000 total square feet.) Each floor has a 
height of 15 feet and has 4 feet tall windows all along its perimeter. A sketch of the 
proposed building is seen in Attachment 1. The south facing wall is 200 feet in length 
and has a total area of 9,000 square feet. Of the 9,000 square feet, 5,800 square feet 
have vertical, flat plate solar collectors installed. 
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The peak heating demand for the office building in St. Louis is 313.9 kW. The 
load calculations for St. Louis are based on a 0°F outside air temperature and a 70°F 
inside temperature. The peak heating demand for the building in Phoenix is 160.2 kW. 
The load calculations for Phoenix are based on a 34° outside air temperature and a 
70°F inside temperature [9]. A list of assumptions and all calculations can be seen in 
Attachments 1, 2, and 3. The results of the analysis can be seen below in Table 1. 
 
Calculated Heating 
Demand (kW) 
Collected Solar 
Energy (kW) 
Percentage of 
Demand Covered 
by Solar Energy 
St. Louis 313.9 104.2 33.2% 
Phoenix 160.2 465.8 290.8% 
Table 1. Comparison of calculated heating demand and collected solar energy for each city. 
In Table 1, it is seen that for St. Louis, MO the heating demand at 0°F for the 
proposed building is 313.9 kW. At 1:00pm on January 17th and an outdoor temperature 
of 0°F, the proposed solar collectors can collect 104.2 kW of energy. 104.2 kW covers 
only 33.2% of the building’s heating demand. Thus, a large amount of energy from other 
equipment would still be necessary to effectively heat the building. An economic 
analysis of the installation of the proposed solar collectors in St. Louis, MO would most 
likely yield a result of a fairly long economic payback period. The solar collectors would 
not produce enough energy to pay themselves off in a reasonable amount of time 
because St. Louis does not receive enough solar energy. 
In Table 1, it is seen that for Phoenix, AZ the heating demand at 34°F for the 
proposed building is 160.2 kW. At 1:00pm on January 17th and an outdoor temperature 
of 34°F, the proposed solar collectors can collect 465.8 kW of energy. 465.8 kW covers 
290.8% of the building’s heating demand. Thus, the solar collectors would provide 
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enough energy to effectively heat the entire building with energy to spare. The leftover 
energy can be converted into electricity to power other building equipment such as 
lights, computers, or the air conditioning equipment. If the solar collectors were to 
produce enough energy to sustain the entire building, any additional energy can be 
converted to electricity and sold to the grid. An economic analysis of the installation of 
the proposed solar collectors in Phoenix, AZ would yield a much faster economic 
payback period than St. Louis. The solar collectors would most likely provide enough 
energy to heat the building year round and power much of the building’s other needs as 
well. This directly correlates to the data seen in Figure 1. Phoenix, AZ sees much more 
solar radiaton that St. Louis, MO because it is significantly closer to the equator and in 
turn, the sun. Thus, it is concluded that an active solar space heating system is very 
effective economically and environmentally if installed in the correct location. An active 
solar system can be installed in any location and still help the environment. However, no 
building owner will pay for a system that will not benefit them economically. 
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Conclusion 
 
 HVAC systems in commercial buildings consume a substantial amount of energy. 
This energy is provided by natural gas or electricity, both of which pollute our 
environment. The world’s energy consumption will continue to rise and we must turn to 
clean, renewable energy resources before our environment is damaged beyond repair. 
Solar energy has the potential to be a huge part of the movement towards clean, 
renewable energy resources. Solar energy can be harnessed using active or passive 
solar systems. However, solar energy is still relatively expensive and is more 
economical in some locations than others. The peak heating demand in winter for the 
commercial building analyzed in this report was 313.9 kW and 160.2 kW for St. Louis 
and Phoenix, respectively. By adding 5,800 square feet of flat plate solar collectors to 
the south facing wall of each building, solar energy can supply 33.2% and 290.8% of the 
building’s heating load for St. Louis and Phoenix, respectively. From this data it can be 
concluded that solar energy is much more effective in Phoenix, AZ than St. Louis, MO. 
However, solar technology continues to improve each day and will play a huge role in 
movement of renewable energy resources. 
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